Abstract Extensive die-back and mortality of various ornamental trees and shrubs has been observed in parts of the Western Balkans region during the past decade. The disease symptoms have been typical of those caused by pathogens residing in the Botryosphaeriaceae. The aims of this study were to isolate and characterize Botryosphaeriaceae species associated with diseased ornamental trees in Serbia, Montenegro, Bosnia and Herzegovina. Isolates were initially characterized based on the DNA sequence data for the internal transcribed spacer rDNA and six major clades were identified. Representative isolates from each clade were further characterized using DNA sequence data for the translation elongation factor 1-alpha, b-tubulin-2 and large subunit rRNA gene regions, as well as the morphology of the asexual morphs. Ten species of the Botryosphaeriaceae were identified of which eight, i.e., Dothiorella sarmentorum, Neofusicoccum parvum, Botryosphaeria dothidea, Phaeobotryon cupressi, Sphaeropsis visci, Diplodia seriata, D. sapinea and D. mutila were known taxa. The remaining two species could be identified only as Dothiorella spp. Dichomera syn-asexual morphs of D. sapinea, Dothiorella sp. 2 and B. dothidea, as well as unique morphological characters for a number of the known species are described. Based on host plants and geographic distribution, the majority of Botryosphaeriaceae species found represent new records. The results of this study contribute to our knowledge of the distribution, host associations and impacts of these fungi on trees in urban environments.
Introduction
During the course of last decade, extensive die-back and mortality of various ornamental trees and shrubs has been observed in Serbia, Montenegro, Bosnia and Herzegovina. Common external symptoms have included necrotic lesions, cankers and resin bleeding, which were often associated with top die-back and death of whole trees. Internal wood symptoms ranged from circular or irregular browning or reddening of the vascular tissue to brown vascular streaking visible as spots in cross sections (Fig. 1) .
The cause of the sudden and severe die-back was unknown, but appeared to be associated with extreme recent weather conditions and Botryosphaeriaceae infections. During the last 15 years, the European continent has experienced a global rise in temperatures followed by a number of prolonged extreme high temperature events; ''Heat waves'', ''Cold waves'', severe droughts, storms and large scale flooding (Allen et al. 2010; IPCC 2014) . According to the Hydrometerological Service of Serbia (accessed July 2015), the summer of 2012 was the hottest since records were first taken in 1887 and the highest temperature ever observed in Serbia (44.9°C) was recorded in summer of 2007. Other extreme weather conditions during this period included extreme cold, heavy snowfall and large scale flooding (www.mod.gov. rs). Apart from human lives that were lost and extensive economic damage, the extreme weather conditions also placed significant stress on plants across the region.
Symptoms observed on ornamental trees in the Western Balkans were similar to those caused by the wound-infecting opportunistic canker pathogens belonging to the family of Botryosphaeriaceae. ''Botryosphaeria-like'' symptoms include leaf and shoot blights, gummosis, blue stain of the sapwood, tip die-back, cankers and in severe cases tree death Urbez-Torres 2011) . Diseases caused by the Botryosphaeriaceae typically emerge after hosts have been subjected to stress caused by environmental factors such as drought, flooding or high temperatures Mehl et al. 2013) . During the course of a last decade, the incidence of diseases caused by Botryosphaeriaceae species appear to have increased in Europe and climate change was suspected to be a driver of this increase (Desprez-Loustau et al. 2006; Fabre et al. 2011; Piškur et al. 2011) .
Species of Botryosphaeriaceae are important pathogens of fruit and forest trees (e.g., Sánchez et al. 2003; Slippers et al. 2009; Chen et al. 2014b ), but the diversity and role of these fungi on ornamental trees has not been extensively explored. Trees planted as ornamentals in cities tend to have low economic value, but they provide a wide range of ecosystem services. These include the reduction of the so called ''heat island effects'' and air pollutants, flood control, increasing people's feelings of well-being, carbon storage and carbon sequestration (Tubby and Webber 2010) . Thus, when tree diseases emerge, they become a significant threat to the ''public good'' (Perrings et al. 2002) and this is particularly true in towns and cities where ornamental trees can be subjected to stress and Botryosphaeriacae diseases (Begoude et al. 2010; Heath et al. 2011) .
Several species of the Botryosphaeriaceae, including Botryosphaeria dothidea, Neofusicoccum parvum, Neofusicoccum luteum, Neofusicoccum batangarum, Neofusicoccum magniferae, Neofusicoccum mediterraneum, Neodeightonia palmicola, Lasiodiplodia theobromae, Lasiodiplodia pseudotheobromae, Lasiodiplodia mahajangana and Diplodia cupressi have been found causing disease on ornamental trees worldwide (e.g., Begoude et al. 2010; Heath et al. 2011; Varela et al. 2011; Mayorquin et al. 2012; Ligoxigakis et al. 2013; Deng et al. 2015; Stanosz et al. 2015) . With the exception of Greece, not much is known regarding species of the Botryosphaeriaceae that occur in the Balkans. In Greece, seven species of the Botryosphaeriaceae have been reported from various trees, including B. dothidea, Diplodia corticola, D. cupressi, N. palmicola, N. parvum, N. mediterraneum, and Neofusicoccum hellenicum Crous et al. 2007; Inderbitzin et al. 2010; Tsopelas et al. 2010; Ligoxigakis et al. 2013; Chen et al. 2015) . B. dothidea, Dothiorella iberica and Dothiorella parva have been found associated with dying Ostrya carpinifolia, Cotinus coggygria and Juniperus communis in Slovenia (Piškur et al. 2011; Pavlic-Zupanc et al. 2015) . Botryosphaeriaceae members have also been reported from fruit trees in the Western Balkans region, including Diplodia bulgarica on apple trees in Bulgaria (Phillips et al. 2012) , B. dothidea on apple fruit in Serbia and olives in Montenegro (Latinović et al. 2013; Vasić et al. 2013) , N. parvum on grapevine in Croatia and Diplodia seriata on shrubs of Cotoneaster salicifolius in Bulgaria and on olives in Croatia (Bobev et al. 2008; Kaliterna et al. 2012 Kaliterna et al. , 2013 . On forest and ornamental trees in the Western Balkans, B. dothidea, Diplodia sapinea and Sphaeropsis visci have been identified, but the identification of species was based solely on morphological characteristics and is uncertain (Karadžić et al. 2000 (Karadžić et al. , 2004 Karadžić and Milijašević 2008) .
The Botryosphaeriaceae are difficult to identify and the taxonomy of these species has been confused for many years ). These fungi have recently been taxonomically redefined using a combination of morphology and multiple gene sequence data. The family currently comprises 17 well defined genera Slippers et al. 2013) . The Botryosphaeriaceae is known to include a large number of phylogentically closely related and morphologically similar cryptic species, which makes morphological identification of species tenuous or at best unreliable Phillips et al. 2013) . While traditional morphological descriptions are still widely used in the characterization and description of new species, differentiation most commonly now relies on molecular phylogenetic analyses for multiple gene regions Slippers et al. 2014) .
This study sought to clarify the identity of the Botryosphaeriaceae associated with symptoms of dieback, cankers and abundant resin production on ornamental trees in the Western Balkans. Symptomatic material was collected from a wide variety of hosts from across the region and fungi were isolated from symptoms and fruiting structures. Botryosphaeriaceae-like isolates were characterized and identified using comparisons of DNA sequence data for the internal transcribed spacer (ITS) rDNA, translation elongation factor 1-alpha (TEF-1-a), b-tubulin-2 (BT2) and large subunit (LSU) rRNA gene regions.
Materials and methods
Disease surveys, sample collection and Botryosphaeriaceae isolation Disease surveys were conducted from February 2009 to December 2014 in Serbia, Montenegro, Bosnia and Herzegovina. These included urban forests, public greens, parks and private gardens in 15 cities and three villages distributed across the study region. In total, 145 trees/shrubs were sampled. These included 118 ornamental trees (representing 35 species), 9 ornamental shrubs (representing 4 species) and other trees/shrubs were sampled in forests, forest plantations and ornamental nurseries (Tables 1; S1 ). All trees and shrubs displayed disease symptoms at the time of collection.
Samples of symptomatic tissues were transferred to the laboratory. Longitudinal and transverse sections were made from symptomatic stems and branches to observe possible internal symptoms. Isolations were made from the edges of necrotic lesions, resin impregnated chips of xylem tissues, discoloured wood, resinous twigs, needles or cone petioles. In some cases, isolations were also made from asymptomatic pieces taken from buds, needles and cones surrounding diseased parts. Small (3-4 mm) pieces of tissue were washed in tap water, surface disinfested (1 min in 70 % ethanol), rinsed in sterile distilled water, dried on sterile paper towels, flamed lightly and placed onto 2 % malt extract agar (MEA) plates (Merck KGaA, Darmstadt, Germany) complemented with lactic acid (2.5 ml/l, NRK Belgrade, Serbia). When fruiting bodies were present in the affected tissue, a single structure was removed using a sterile needle and transferred to a Petri dish containing AMEA. Petri dishes were sealed with parafilm and incubated at room temperature in the dark for 2 weeks. Botryosphaeriaceae-like isolates (mycelium greenish-grey, fast growing) were transferred aseptically to new Petri dishes containing MEA. Isolates were purified by hyphal tip transfers and Xu et al. (2015) stored on half-strength MEA slants at 4°C. Representative isolates from each host were deposited in the Culture Collection (CMW) of the Forestry and Agricultural Biotechnology Institute (FABI) with duplicates of two cultures representing Dothiorella sp. 1 deposited in the Centraalbureau voor Schimmelcultures, Utrecht, The Netherlands (CBS) and in the National Collection of Fungi, Pretoria, South Africa (PREM).
DNA extraction, PCR and sequencing DNA was extracted using PrepMan Ultra reagent (Applied Biosystems, Foster City, California) following the manufacturer's protocol. DNA concentrations were quantified with a NanoDropH ND-1000 and accompanying software (NanoDrop Technologies, DuPont Agricultural Genomics Laboratories, Delaware). The original DNA extracts were dissolved in 50 ll of distilled Sabax water and stored at -20°C prior to their utilization in amplification reactions. The ITS region of rDNA operon was amplified using primers ITS-1 and ITS-4 (White et al. 1990) , part of the TEF-1-a gene using primers EF1-728F and EF1-986R (Carbone and Kohn 1999) , part of the BT gene using primers Bt2a and Bt2b (Glass and Donaldson 1995) and part of the LSU gene using primers LR0 and LR5 (Vilgalys and Hester 1990) . The 25 ll PCR reaction mixtures contained 2.5 ll of 10 mM PCR buffer (PCR buffer with MgCl 2 ), 1 ll of 100 mM of each dNTPs, 0.5 ll of 10 mM of each primer, 2-2.5 ll of diluted genomic DNA, 0.5 U of Taq polymerase (Roche Molecular Biochemicals, Indianapolis) and 18 ll of sterile distilled Sabax water (Adcock Ingram Ltd., Johannesburg, South Africa). All reactions were carried out alongside a nontemplate control containing sterile water. The amplification was performed as described by Jami et al. (2012) .
Where the above-mentioned primer pairs failed to amplify in some isolates, modifications were made as follows: the mycelium was extracted using a CTABbased protocol of Möller et al. (1992) and 1 ll of undiluted DNA extracts was used for PCR reactions. The PCR reaction mixture contained either an additional 1 ll of 25 mM MgCl 2 or additional 0.5 ll of Taq polymerase. ITS region was amplified using primers ITS1F (Gardes and Bruns 1993) and ITS-4 (White et al. 1990 ) and TEF-1-a gene using primers EF1-F and EF2-R (Jacobs et al. 2004 ) and annealing temperature of 60 or 62°C.
Three ll of each PCR product were separated by electrophoresis on 1.5 % (w/v) agarose gels in 0.59 TAE buffer, stained with GelRed (Biotium, Hayward, California, USA) and visualized under UV illumination. The size of the products was estimated using DNA molecular weight marker (Gene Ruler TM 100 bp DNA ladder, Fermentas). The amplified PCR fragments were purified with Sephadex G-50 columns (Sigma, Steinheim, Germany) following the manufacturer's instructions. The sequencing PCR mixture and sequencing conditions were similar to those described in Begoude et al. (2010) . The products were separated with an ABI PRISM 3500 genetic analyzer (Applied Biosystems). Sequencing was done in both directions, with the same primers used for the PCR reactions.
Sequence alignment and phylogenetic analyses
The nucleotide sequences of both strands were examined and assembled with the CLC Main Workbench 6.6.1 (CLC Bio, Aarhus, Denmark). Sequences were compared to those of the other Botryosphaeriaceae in GenBank using BLAST. Related sequences were extracted and included in the analyses. Alignments were done online using MAFFT version 7 (http:// mafft.cbrc.jp/alignment/server/), checked manually for alignment errors in MEGA v. 6 (Tamura et al. 2013 ) and adjusted where necessary.
For maximum likelihood (ML) analyses the best nucleotide substitution model was determined with JModeltest v.0.1 (Posada 2008) . ML tree construction was performed using an online version of PhyML 3.0 (Guindon et al. 2010) . The reliability of each node was assessed using 1000 bootstrap replications (Felsenstein 1985) . Maximum parsimony (MP) analyses were run using PAUP version 4.0b10 (Swofford 2003) . The heuristic search function with 1000 random addition replicates was selected as well as tree bisection and reconstruction as branch swapping algorithm. Gaps were treated as fifth characters and all characters were unordered and of equal weight. Branches of zero length were collapsed and all resulting equally parsimonious trees were saved. Measures such as consistency index (CI) and retention index (RI) were recorded. Congruence between the different data sets was tested using the partition homogeneity test (PHT; Farris et al. 1995) in PAUP v. 4 with the uninformative characters removed before analysis. Phylogenetic trees were visualized in MEGA v. 6. All sequences obtained in this study were deposited in GeneBank and the four gene alignment and MP tree in TreeBASE (accession no. S18025). Accession numbers of representative isolates included in the multigene analysis are shown in Table 1 .
Morphological characterization and growth studies
Isolates of each species included in the multigene phylogenetic analyses were used for morphological studies. To induce sporulation, cultures were grown on water agar (WA; 2 % agar; Biolab, Johannesburg, South Africa) overlaid with triple sterilized pine needles or Lawson cypress twigs and incubated under near UV light at 25°C for 3-7 weeks. Morphological observations were made with Carl Zeiss dissection and compound microscopes using HRc Axiocam digital camera and Axiovision 3.1 imaging software (Carl Zeiss Ltd., Munich, Germany). Fruiting structures were sectioned using Jung tissue freezing medium and a Leica CM1100 Cryotome or broken by hand and mounted in distilled water. At least 50 measurements were made of the lengths and widths of conidia and where present the spermatia. Dimensions of other fungal structures were given as the range of least 20 measurements. Shape, colour, presence and absence of septa and a mode of conidiogenesis were recorded.
Isolates were further used to study colony morphology and optimal temperature for mycelial growth. For each isolate, 6 mm diam. mycelial plugs were taken from the edges of 1-week-old cultures and transferred to the centres of 90 mm diam. Petri dishes containing 2 % MEA. Plates were incubated at nine temperatures (5, 10, 15, 20, 25, 30, 35, 37 and 40°C) for 2 weeks in the dark. For each temperature, five replicate plates for each isolate were used. Two measurements of colony diameter at right angles to each other were taken daily at a fixed time until the mycelium of the fastest growing isolate had reached the edges of the plates. The averages of colony diameter were computed and the optimal temperature for growth was defined as the temperature at which maximum mycelial growth occurred. The entire experiment was repeated once. The colours of the resulting cultures were compared to those in the colour charts of Rayner (1970) .
Statistical analyses of growth rates
Analyses were conducted using Statistica 8.0 (StatSoft, Inc., Tulsa, OK, USA). The datasets were first checked for normality using Kolmogorov-Smirnov test and for homogeneity of variances using Leven's test. The analyses of mycelial growth rates were further assessed using one-way ANOVA followed by post-hock LSD test and values of p \ 0.05 were considered significant. Since the assumptions of parametric tests for the analyses of optimal temperature for growth were not met, and data transformations did not improve normality of variables, the analyses were assessed using non-parametric Kruskal-Wallis one-way ANOVA followed by multiple Mann-Whitney U tests for means comparisons.
Results

Botryosphaeriaceae isolation and molecular phylogenetic identification
In total, 306 Botryosphaeriaceae-like isolates were obtained in this study. Of these, 285 isolates were from ornamental trees, 14 isolates were from trees in forest stands, 3 isolates originated from forest plantations and 4 isolates originated from seedlings in ornamental nurseries (Tables 1; S1 ). Based on a preliminary screening using ITS sequences, thirty eight representative isolates residing in six genera (Dothiorella, Neofusicoccum, Diplodia, Phaeobotryon, Sphaeropsis and Botryosphaeria) were subjected to subsequent analyses using multiple gene regions and morphological characterization (Table 1) .
MP analyses of the ITS, TEF-1-a, BT and LSU gene regions were conducted for each gene region separately and for the combined data set of four loci, whereas ML analyses were conducted for only the combined data set. The combined dataset contained 113 sequences including 37 sequences obtained in this study and 76 sequences retrieved from GenBank with Pseudofusicoccum stromaticum as an outgroup. The sequence datasets contained 527 characters for ITS (167 parsimony informative, 360 parsimony uninformative, CI = 0.6, RI = 0.9 and TL = 400), 386 for TEF-1-a (302 parsimony informative, 84 parsimony uninformative, CI = 0.6, RI = 0.9 and TL = 871), 440 for BT (148 parsimony informative, 292 parsimony uninformative, CI = 0.7, RI = 0.9 and TL = 312), 559 for LSU (56 parsimony informative, 503 parsimony uninformative, CI = 0.7, RI = 0.9 and TL = 78) and 1912 for the combined data set (673 parsimony informative, 1239 parsimony uninformative, CI = 0.6, RI = 0.9, TL = 1714). The results of the PHT test were not significant and showed that four loci could be combined (P = 0.7). The model TrN?G was chosen for the ML analyses of the combined dataset (G = 0.2080). The final MP and ML analyses yielded trees with the similar topology and only minor differences with regards to the position of subclades, and therefore, only the MP tree is shown (Fig. 2) . However, phylogenetic groups representing individual species and genera (Dothiorella and Diplodia in LSU analyses) occasionally collapsed in the analyses of individual gene regions.
Phylogenetic analyses revealed six major and strongly supported clades, each representing a separate genus, including Dothiorella, Neofusicoccum, Botryosphaeria, Phaeobotryon, Sphaeropsis and Diplodia. Ten species of the Botryosphaeriaceae were distinguished amongst these clades. Dothiorella and Diplodia each included three species, whereas one species was recognized in each of Neofusicoccum, Botryosphaeria, Phaeobotryon and Sphaeropsis. Eight known species namely Dothiorella sarmentorum, N. parvum, B. dothidea, Phaeobotryon cupressi, S. visci, D. seriata, D. sapinea and D. mutila, were identified and two additional species were recognised in Dothiorella.
Morphological characterization
Isolates were induced to sporulate and produced mature pycnidia on WA overlaid with sterilized pine needles or Lawson cypress twigs. No sexual structures were observed and therefore, morphological characterization of species was based on the morphology of the asexual morphs. All isolates produced spermatia and the majority of isolates formed chlamydospores, chlamydospore-like hyphae and pycnidial hyphae with surface ornamentations (Fig. 3; Table S2 ). Dichomera syn-asexual morphs were observed in some isolates of B. dothidea, D. sapinea and Dothiorella sp. 2 and their morphology is described below.
Taxonomy
The following section includes the description of Dothiorella sp. 1 and morphological characteristics for described species where these have not previously been observed. Dothiorella sp. 1, Figs. 1, 2, 3 ; Table 1 Conidiomata pycnidial, immersed in agar or superficial, single or in groups, globose, subglobose, or long-necked, 200-1000 lm in diameter, 250-3000 lm high, smooth or covered with hyphal hairs, composed of two-three outer layers of dark brown thick-walled cells textura angularis and five-six layers of hyaline cells in the inner region. Pycnidia on the host Cedrus atlantica separate or aggregated, globose, black, immersed in the host tissue, becoming superficial, up to 2 mm wide. Conidiophores reduced to conidiogenous cells. Conidiogenous cells formed from the cells lining the inner walls of the pycnidial cavity, holoblastic, cylindrical to subcylindrical, hyaline, predominantly proliferating percurrently to form one-three annellations, occasionally proliferating at the same level giving rise to periclinal thickenings, 8-15 9 3-6 lm (av. 11.5 9 4.5, l/w 2.6) lm. Conidia on MEA oval to ovoid, (17.1-) 19-21 (-23.1) 9 (7-) 8-10 (-12) lm (av. 20.3 9 9, l/w 2.3) lm, on WA imbedded with sterilized Lawson cypress twigs or P. nigra needles slightly longer and wider, (18.2-) 20-22 (-23.9) 9 (8.6-) 9-11 (-13.6) lm (av. 21 9 10.1, l/w 2.1) lm, apex rounded and truncate base, constricted at the septum, initially hyaline and granulose, becoming dark brown with rough outer wall and one-septate while still attached to conidiogenous cells. Spermatophores hyaline, smooth, cylindrical, occasionally branched. Spermatogenous cells hyaline, smooth, cylindrical, phyalidic. Spermatia hyaline, smooth, aseptate, rod-shaped with rounded ends, occasionally slightly curved, 2-4 9 1.5-2 (av. 3 9 1.8, l/w 1.7) lm and similar in shape, but smaller, 1.5-2.1 9 0.4-0.8 (av. 1.8 9 0.6, l/w 3) lm. Chlamydospores globose to subglobose, ellipsoid, oval or subcylindrical, hyaline to golden-brown, thick-walled, smooth with granular content or rough, terminal on lateral hyphae, or arising laterally or intercalary, remaining attached in chains of 2-30, rarely single, (12-) 15-21 (-27) 9 (11-) 13-17 (-22) lm.
Cultural characteristics colonies initially white, edges remaining white, centre becoming olivaceous-grey (21 0000 b) to smoke grey (21 0000 f) at the surface in 1 week, turning to smoke grey at the surface and pale olivaceous-grey (21 00000 d) at the reverse in 2 weeks. Fig. 2 The first of 1000 equally most parsimonious trees resulting from parsimony analyses of the combined ITS, TEF-1-a, btub and LSU alignment. The bootstrap support values (MP/ML C70 %) are indicated at the nodes and the scale bar represents the number of changes. The tree was rooted to P. stromaticum CBS 117448 and CBS 117449. Clades representing genera identified in this study are indicated by circles at the nodes and clades corresponding to species are highlighted side of Petri dishes) readily forming from the middle of the colonies within 7-14 days at 5-25°C in the dark. Superficial, solitary pycnidia forming 3-4 weeks after incubation, covering the entire surface of the colony. Cultures transferred onto WA with sterile Lawson cypress twigs or P. nigra needles formed numerous pycnidia on the surface of agar, immersed in the medium and on the surface of twigs/needles.
Cardinal temperatures for growth min. 5°C and max. 35°C. Optimum growth at 25°C. Growth rate 10.7 mm per day at the optimal temperature, colonies covering 90 mm diam. Petri dishes after 6 days in the dark.
Sexual morph not seen. Notes isolates of Dothiorella sp. 1 and Do. symphoricarposicola formed a sub-clade (bootstrap support BS = 97 % MP) within Dothiorella species in the phylogenetic analyses. The separation of Do. symphoricarposicola from its sister taxon was strongly supported in the combined analyses of four gene regions (BS = 99 % MP), as well as in individual MP analyses of TEF-1-a (BS = 98 %). Dothiorella symphoricarposicola also differs morphologically from Dothiorella sp. 1 in its much smaller conidiomata (200-250 lm diam., 250-300 lm high) compared to h one-septate dark conidia with distinctly rough outer wall. Scale bars c = 1 cm, e, g, h = 10 lm, f = 3 lm Dothiorella sp. 1 (200-1000 lm diam., 250-3000 lm high), smaller conidiogenous cells (4-12 9 1.5-6) lm compared to Dothiorella sp. 1 (8-15 9 3-6) lm, type of conidium development (phialidic) compared to Dothiorella sp. 1 (annelidic and phialidic) and smaller and smooth walled conidia (av. 17 9 8) lm compared to the larger and rough-walled conidia of Dothiorella sp. 1 (20.3 9 9 and 21 9 10.1) lm. Morphologically, conidia of Dothiorella sp. 1 resemble those of Do. sempervirentis and Do. longicollis and the pycnidia resemble those of Do. longicollis and Do. moneti. However, Dothiorella sp. 1 can be distinguished from these species based on its rough outer conidial walls and wider pycnidia with longer necks. Notes Phillips et al. (2005) showed that Dothiorella species differ from Diplodia in having conidia that are dark and one-septate within the pycnidial cavity, often while still attached to conidiogenous cells, whereas in Diplodia conidial darkening and septation takes place only after discharge. In this study, a large number of conidia remained hyaline long after discharge and became one-three septate and often rough walled after ageing. Dothiorella sp. 2 Syn-asexual morph Dichomeralike, Figs. 2, 4; S1; Tables 1, S2 Conidia of the Dichomera syn-asexual morph oval, ovoid or ellipsoid, doliiform, muriform 11-14 9 6-8 (av. 13 9 6.6, l/w 2) lm, golden brown with 2-4 transversal septa, 0-2 longitudinal septa and 0-1 oblique septa. Conidia intermediate between Dothiorella and Dichomera golden brown-dark brown in colour, with 1-3 transverse septa, strongly constricted at the middle septum, 20-32 9 7-12 (av. 21.5 9 8.2, l/w 2.6) lm. Notes this species was included in Dothiorella by Phillips et al. (2008) and later found by Piškur et al. (2011) , but remained unnamed because isolates obtained in those studies failed to sporulate and were thus considered not to be authentic. Dothiorella sp. 2 has recently been studied by other authors (Abdollahzadeh et al. 2014 ) and the species has not been described here. In the present study, conidia of the asexual morph, Dichomera-like conidia of the synasexual morph and conidia intermediate between the Dichomera and Dothiorella were observed in the same pycnidia. The conidia of intermediate morphology reported here displayed some similarities with spore forms intermediate between Dichomera and Fusicoccum described by Butin (1993) . The mode of conidiogenesis giving rise to muriform conidia could not be observed. Syn-asexual morph Dichomera-like Pycnidia of the Dichomera syn-asexual morph longnecked, 200-250 9 350-400 lm, covered with iron grey mycelium. Conidiophores reduced to conidiogenous cells. Conidiogenous cells hyaline, smooth, cylindrical, proliferating percurrently to form 1-2 annellations, 16-19 9 3-4 lm. Conidia round to oval, pyriform to limoniform, truncate at base, apex rounded or tapered, thick-walled, becoming dark and rough-walled with age, 8.4-15 9 5-7.8 (av. 12.5 9 6.4, l/w 1.9) lm or conidia ovoid to ellipsoid, doliiform, muriform, 8.6-12.7 9 4.7-6 (av. 10.6 9 5.4, l/w 2) lm, golden brown with 1-4 transversal septa and 0-1 oblique septa. Notes hyaline fusiform conidia typical of Botryosphaeria in the present study readily formed 1-3 septa mutila CMW 39354, f three-septate and four-septate conidia (arrows) of D. sapinea CMW 39338, g dark-walled Dichomeralike pyriform conidia of B. dothidea CMW 39304, h chlamidospores of Phaeobotryon cupressi CMW 39387, i conidiogenous cell showing annellation (arrow) and developing conidium of P. cupressi CMW 39387, j branched conidiophore with developing conidium of P. cupressi, k broad ampuliform conidiogenous cell of P. cupressi narrowing to a long neck, l darkwalled ellipsoid conidia of Neofusicoccum parvum CMW 39325, m two and three septate hyaline and dark conidia (arrows) of B. dothidea CMW 39302, and n fusiform dark-walled developing conidia and one-septate paraphyses of B. dothidea CMW 39302. Scale bars a-f, h-k = 10 lm, g, l-n = 5 lm prior to germination or after ageing compared to conidia described in Phillips et al. (2013) that were hyaline, aseptate and rarely formed up to one septa. According to Phillips et al. (2013) , species of Botryosphaeria have hyaline spores that may occasionally become darker with age. We occasionally observed dark-walled spores even at an early stage of development and while still attached to the conidiogenous cells.
Dichomera-like syn-asexual morphs from this study were morphologically different to those previously described (Barber et al. 2005; Inderbitzin et al. 2010; Slippers et al. 2014) . Isolate CMW 39304 produced hyaline fusiform conidia, dark fusiform conidia and dark Dichomera-like pyriform to limoniform conidia in the same pycnidia. Pyriform conidia were rough-walled and aseptate compared to conidia illustrated by Slippers et al. (2014) . This isolate also formed unusual longnecked pycnidia. Pycnidia in isolate CMW 44982 contained either hyaline fusiform conidia typical of Botryosphaeria or ovoid to ellipsoid muriform conidia typical of Dichomera spp., but unique in size and shape compared to those previously reported. Notes conidia of N. parvum from this study became 1-3 septate after ageing, rather than only two-septate as described before . Moreover, isolate CMW 39318 formed hyaline, fusiform conidia typical of the Neofusicoccum and smaller, dark brown, ellipsoid conidia in the same pycnidia, measuring 6.8-12.4 9 3.7-13.4 (av. 10.3 9 8.4, l/w 1.2) lm. Dark ellipsoid, Dichomera-like conidia observed in this study differed in size and shape from muriform subglobose to obpyriform conidia of the asexual morph described previously (Barber et al. 2005; Crous et al. 2006; Phillips et al. 2013 ).
Diplodia sapinea (Fr.) Fuckel, Jb. Nassau. Ver. Naturk. 23-24: 393. 1870 . Figures 2, 4 ; S1; Tables 1; S2 Synasexual morph Dichomera-like Conidia of the Dichomera syn-asexual morph variable and irregular in shape, mostly obpyriform, clavate, ellipsoidal, muriform with 0-4 transversal, 0-2 longitudinal and 0-2 oblique septa, 10.1-19.7 9 5.6-10.1 (av. 15.1 9 7.8, l/w 1.9) lm, rarely bearing 1-3 appendages, 3-17 9 3-5 lm.
Isolates examined Serbia, Tara Notes in the present study, conidia were rarely aseptate, mostly 1-4 septate and sometimes also with three horizontal and one oblique septum, compared to predominantly aseptate and only rarely up to oneseptate conidia described in Phillips et al. (2013) . Isolate CMW 44981 formed a Dichomera-like syn-asexual morph and dark, oblong, 0-2 septate Diplodia-like conidia in the same pycnidia. D. sapinea colonies are typically characterized by having grey fluffy mycelium (Palmer et al. 1987 Notes isolates examined here occasionally produced both the typical hyaline oblong to ovoid conidia, as well as cylindrical conidia strongly constricted at the septum with one white cell and 1-2 dark brown cells, measuring 25-29 9 8.5-9.4 lm. Hyaline conidia from this study were frequently 1-2 septate becoming dark 0-2 septate with age. Notes conidia from the present study often became dark 1-3 septate and rough-walled with age. Moreover, some of the conidia became septate without becoming dark. Isolate examined Serbia, Mt. Goč, fruit bodies on leaves of Viscum album, M. Zlatković (living culture CMW 39386).
Notes pycnidia from this study were immersed to partially erumpent and never superficial as has been described previously . Moreover, conidia were larger than previously described, often spherical to ellipsoidal [(27-56 9 17-36 (av. 42.6 9 25)] lm, becoming golden brown and later dark brown and 1-2 septate with age. Notes isolate from the present study occasionally formed conidiophores that have not been observed in previous collections. Conidiophores were hyaline, cylindrical, occasionally branched, measuring 14-18 9 4-5 lm. The conidiogenous cells observed here were occasionally broad ampuliform, often narrowing to form up to 20 lm long necks, proliferating internally, but also proliferating percurrently giving rise to annellations. Furthermore, conidia in the present study formed up to two septa prior to germination.
Phaeobotryon cupressi
Growth studies
Botryosphaeriaceae species grew over a wide range of temperatures from 5 to 40°C. Only B. dothidea exhibited growth at 40°C. D. sapinea, D. seriata, B. dothidea and S. visci did not grow at 5°C, whereas Do. sarmentorum, Dothiorella. sp. 2, D. seriata and S. visci showed no mycelial growth at 35°C. There were statistically significant differences in the optimum temperature for mycelial growth and mycelial growth rates (p \ 0.05) at an optimum temperature among species. The optimum temperature varied from 20 to 25°C (D. mutila, P. cupressi) to 30°C (D. sapinea CMW 39388, B. dothidea) and the optimum temperature for the majority of species was 25°C. At their optimum temperatures, N. parvum had the most rapid growth rate of 21 mm/day, while S. visci had the lowest growth rate of 2.3 mm/day (Figs. 5, S1 ).
Discussion
This study represents the first attempt to determine the presence and identity of Botryosphaeriaceae species associated with diseased ornamental trees in the Western Balkans. It is also the first study to consider the Botryosphaeriaceae on a large number of tree species growing in this area. Ten Botryosphaeriaceae species belonging to six genera were identified from Serbia, Montenegro, Bosnia and Herzegovina. These included eight known species (B. dothidea, N. parvum, D. sapinea, D. mutila, D. seriata, Do. sarmentorum, P. cupressi and S. visci) and two previously unnamed species residing in Dothiorella. With the exception of P. cupressi and S. visci, the host ranges for the previously known Botryosphaeriaceae were substantially expanded. The majority of records were of B. dothidea, D. sapinea and N. parvum and other species were isolated only occasionally.
Botryosphaeria dothidea was one of the most commonly isolated species, which is not surprising given that it has been reported from numerous tree species worldwide ). In the Balkans, B. dothidea has previously been reported causing disease on O. carpinifolia in Slovenia (Piškur et al. 2011) , white rot of apple fruit in Serbia (Vasić et al. 2013 ) and rot of olives in Montenegro (Latinović et al. 2013) . This species has also been isolated from English walnut, pistachio and kiwi fruit from Greece (Inderbitzin et al. 2010; Thomidis and Exadaktylou 2010; Chen et al. 2014b ) and (based on morphological identification) from S. giganteum, Quercus petraea, Q. cerris, Fagus sylvatica, Populus 9 euramericana cl. I-214, C. sempervirens and P. halepensis from Serbia and Balkan (Karadžić et al. 2000) . Although B. dothidea is a generalist species, it has been isolated only occasionally from gymnosperms. It was thus interesting that in the present study, the fungus was found for the first time associated with the two coniferous gymnosperms, P. menziesii and S. sempervirens.
The well-known pathogen of Pinus spp., D. sapinea (Swart and Wingfield 1991; Phillips et al. 2013 ) was found associated with three coniferous species in this study. These included C. atlantica, C. deodara, P. omorika and P. omorika is a new host record for the fungus. Previous D. sapinea records from the Balkans were based solely on morphology of conidia and cultures (Karadžić and Milijašević 2008) . D. sapinea has only occasionally been isolated from conifers other than Pinus spp. (Gibson 1979) , while the sibling species D. scrobiculata is known to occur more commonly on a broad range of conifers ). This association is of special concern for Serbian spruce (P. omorika) that is endemic to a small region of limestone mountains in Serbia, Bosnia and Herzegovina. This tree species is in danger of extinction due to its limited population distribution, climate change and loss of genetic diversity (Alberto et al. 2013) , and is thus listed in the IUCN red list of threatened plants (http://www.iucnredlist.org/, accessed July 2015). Nothing is known regarding the possible pathogenicity of D. sapinea on P. omorika and this is a subject deserving of further study.
The plurivorous species N. parvum was frequently collected in this study. This species has been found associated with many forest, plantation and ornamental trees, including Quercus suber, Eucalyptus spp., Populus spp., Salix spp., T. plicata, Rhododendron spp. and S. giganteum . Its common occurrence on many ornamentals sampled in this study was thus not surprising. This is the first time the species has been reported on C. lawsoniana and three angiosperm ornamental trees and shrubs, namely A. hippocastanum, P. laurocerasus and P. tobira. N. parvum is a widely distributed species found on six continents ), but in the Balkans it has been reported only from pistachio trees and kiwi fruit in Greece (Rumbos and Phillips 2005) and from grapevine in Croatia (Kaliterna et al. 2013) . This study provides the first record of N. parvum from Serbia and Montenegro. Diplodia seriata was isolated from forest and ornamental trees in this study, which is consistent with previous reports Luchi et al. 2014) . It was also the only Botryosphaeriaceae species isolated from R. fruticosus consistent with previous findings that it is common on fruit trees (Damm et al. 2007; Cloete et al. 2011) . The host range of D. seriata includes many angiosperms and only a small number of gymnosperm species . In the present study, the fungus was found for the first time in association with three angiosperm and three coniferous gymnosperms (Table 1) . Although D. seriata has a worldwide distribution, in the Balkans the species has been known only from olives in Croatia (Kaliterna et al. 2012 ) and this study represents its first record from Serbia, Bosnia and Herzegovina.
Diplodia mutila, Do. sarmentorum and Dothiorella sp. 2 were only occasionally isolated in this study. D. mutila has been found associated with various hosts, including ornamental trees , but is reported here for the first time from A. hippocastanum, P. halepensis and C. arizonica. Although the species has a world-wide distribution , this study represents a first record for it from Serbia and Montenegro. This is also the first report of the species from the Balkans. Do. sarmentorum is plurivorous ), but there is only a single report of the species from gymnosperms (Cupressus lusitanica) by Alves et al. (2013) . In the present study, Do. sarmentorum was found for the first time associated with the conifers C. lawsoniana and C. atlantica and the angiosperm A. hippocastanum. Do. sarmentorum has a cosmopolitan distribution , but is reported here for the first time from Serbia and the Balkans. The unnamed Dothiorella sp. 2 (CMW 39363, CMW 39362, CMW 39360) has been isolated from four angiosperm tree species in previous studies in France, Italy and Iran Piškur et al. 2011; Abdollahzadeh et al. 2014; Pitt et al. 2015) . In this study, it was recorded for the first time from Serbia, Bosnia and Herzegovina, Montenegro and the Balkans, and associated for the first time with three ornamental conifers (C. sempervirens, T. occidentalis and C. lawsoniana) and the angiosperm F. excelsior. Dothiorella sp. 1 was occasionally isolated in this study. Interestingly the host range and geographic distribution of this taxon apparently does not overlap with that of the closely related Dothiorella symphoricarposicola. Dothiorella sp. 1 has been isolated from both Pinaceae and Cupressaceae including C. atlantica and T. plicata in Serbia. Do. symphoricarposicola has been isolated only from Symphoricarpos sp., an angiosperm shrub in Italy (Li et al. 2014) .
One isolate each of S. visci and P. cupressi obtained in this study were included in the phylogenetic analyses. S. visci is known to occur only on V. album in Europe and is commonly found in the crowns of a wide range of woody species (Varga et al. 2012; Phillips et al. 2013 ). This host-association was confirmed in the present study. The species has been reported from Hungary (Varga et al. 2012) , Luxemburg, Germany and (based on morphological identification) Serbia (Karadžić et al. 2004) . P. cupressi was previously known to occur only on C. sempervirens and Juniperus scopulorum in Iran and the USA, respectively ) and it was not surprising to isolate it from C. sempervirens in Montenegro.
The results of this study confirm the fact that morphological characteristics of the Botryosphaeriaceae are shared between different genera and species and are thus of limited taxonomic value Slippers et al. 2013 Slippers et al. , 2014 Phillips et al. 2013 ). There were many similarities between muriform spores of B. dothidea, Dothiorella sp. 2 and D. sapinea and these were thus uninformative for species identification. Slippers et al. (2013) showed that morphological characters of the Botryosphaeriaceae species are not expressed under all conditions in different genera. This would explain the presence of unusual small, dark-walled ellipsoid conidia in N. parvum, conidia that become dark-walled while attached to the conidiogenous cell in B. dothidea or Dichomera-like spores in some of the isolates of B. dothidea, Dothiorella sp. 2 and D. sapinea.
The
Botryosphaeriaceae-associated diseases encountered in this study could be linked to climate extremes before and during the study period. Trees planted in the cities are likely to be especially vulnerable to high summer temperatures because of the ''heat island effect'' and additional stresses from air pollution, limited area for root expansion and heavy construction equipment and vehicles that move over the root zone and compacts the soil, reducing available oxygen to the roots (Tubby and Webber 2010; Alameda et al. 2012) . These conditions would have contributed to stress on the trees, predisposing them to infections. This is consistent with the fact that these fungi are known to be opportunistic endophytes that contribute to tree-disease under conditions of stress Mehl et al. 2013) . Similarly, Piškur et al. (2011) reported unusual Botryosphaeriaceae (especially B. dothidea) related die-back of O. carpinifolia trees in Slovenia and Italy following extreme drought conditions.
Overall, the results of this study have shown that a great diversity of Botryosphaeriaceae species occurs on ornamental trees in the countries of the Western Balkans, in a geographically small area. The distribution of these fungi across the study area and their common association with cankers and other disease symptoms suggests that they could be contributing to the die-back and death of the sampled trees. The fact that the Botryosphaeriaceae are known to contribute to tree death under conditions of stress Mehl et al. 2013 ) and the forecasted extremes in temperature and drought conditions (Tebaldi et al. 2006; IPCC 2014) suggests that these fungi deserve further study.
